Recent studies have shown an indirect link between platelet count and blood vessel metastasis, but this association with lymphatic vessels metastasis has not been established in NSCLC. So we investigated whether an association exists between preoperative platelet count and lymph node metastasis in NSCLC patients. Between January 2001 and January 2011, platelet counts were obtained from 883 NSCLC patients who were resistant to chemotherapy, radiotherapy, and surgery. The preoperative platelet counts, tumor metastasis, and overall survival of NSCLC patients were analyzed for correlations via statistical analysis. Upon considering patients according to their TNM lymph node metastasis stage (N0-N3), multiple comparison analyses revealed that the mean preoperative platelet count of the N0 group was significantly lower than that of the N1-N3. Analysis of variance showed that the preoperative platelet count of patients in stage I was significantly lower than that of those in stages II, III, and IV, with no significant difference among the latter three stages. According to the Kaplan-Meier survival analysis, the overall survival of patients with platelet counts <214.5 × 10 9 /L was significantly longer than that of those with platelet counts ≥214.5 × 10 9 /L. Cox regression analysis indicated that, besides preoperative platelet count, patient age, gender, and TNM stage were independent prognostic factors. In conclusion, preoperative platelet count was significantly associated with metastasis of lymph nodes in NSCLC patients. Preoperative platelet count may be a reliable biomarker of lymph node metastasis possibility and an independent prognostic factor of overall survival in patients with NSCLC.
Among all malignancies, lung cancer has one of the highest rates of mortality [1] , often due to metastasis of the primary tumor. Approximately 85% of patients with lung cancer specifically have non-small cell lung cancer (NSCLC). In most of these, the disease was diagnosed at late and advanced stages [2, 3] . Metastatic routes of NSCLC are mainly the vascular and lymphatic vessels. Metastasis via the lymphatic vessels usually precedes the vascular, which is occult, and a diagnostic evaluation is difficult for the clinical evaluation. Thus the need is great for biomarkers that indicate or predict metastasis through the lymphatic vessels.
Previous studies have shown that platelet-derived growth factors (PDGFs) are involved in tumor metastasis via the lymphatic system [4] [5] [6] . Blood platelet granules are a main storage site of PDGFs, and PDGFs may be released in tumors upon platelet activation and degranulation [7] .
In this study we investigated the relation between preoperative platelet count and tumor metastasis in NSCLC, and the values of preoperative platelet count as a prognostic factor of overall survival.
Materials and methods

Patients and treatment evaluation. The Medical Ethics
Committee of Jingling Hospital approved this study. Eight hundred and eighty-three patients with NSCLC that had been diagnosed at Jingling Hospital between January 2001 and January 2011 were enrolled in this study. All final diagnoses were confirmed by pathologic examination. Patients were excluded if they had coexisting health conditions and took medications that could influence platelet count. Such conditions included idiopathic thrombocytopenic purpura and aplastic anemia, among others. None of the enrolled NSCLC patients had any prior chemotherapy, radiotherapy, or surgery.
The clinical stages of the enrolled NSCLC patients ranged from I to IV. Stage assessment was based on computed tomog-raphy (CT) scans of the thorax and upper abdomen, magnetic resonance imaging (MRI) scans of the brain, emission CT bone scan, and the pathology report after surgery. The overall survival (OS) of patients was calculated, and 431 patients who are alive at the last follow-up were censored.
Patients were divided into four groups depending on the extent to which cancer cells had spread to regional lymph nodes (N0, N1, N2, and N3), in accordance with the guidelines set by the tumor-node-metastasis (TNM) staging system of the Union for International Cancer Control (UICC; 7 th edition) [8] .
Measurement of platelet count. The platelet count was measured with a hematology analyzer (Sysmex XE2100, Sysmex, Japan) before chemotherapy, radiotherapy, or surgery. (Normal platelet count range is 100 to 300 × 10 9 /L). Statistical analyses. All statistical analyses were performed with SPSS 17.0 software. Analysis of variance was used to evaluate the significance of mean differences in platelet counts among patients of different metastatic stages. To analyze the association between platelet count and metastasis of either lymph nodes or distant organs, an independent sample t-test was performed. To assess the accuracy of using preoperative platelet count as an indicator of lymph node metastasis, a receiver operator characteristic (ROC) curve was constructed. The Kaplan-Meier method was used calculate the survival probability. The log-rank test was performed to assess heterogeneity in survival within each prognostic factor. A Cox regression model was used for analysis of independent prognostic risk factors. A probability (P)-value of less than 0.05 was considered significant.
Results
The characteristics of patients with NSCLC. The mean age of the 883 NSCLC patients enrolled in this study was 63 years (range: 18-89 years) ( Table 1 ). All of these NSCLC patients smoked tobacco, and were equally divided between those who had smoked <20 years (441) and those who smoked ≥20 years (442). Histology results revealed that the majority of patients had the NSCLC subtypes adenocarcinoma (475, 53.8%) or squamous cell carcinoma (303, 34.3%), and most were either stage III (221, 25%) or stage IV (478, 54%). About 15% of the patients (133) had pleural effusion, and the bone was the main metastatic site (190, 21.5%). More than half of all the patients had distant organ metastases (478, 54.1%). While the preoperative platelet count in the majority of these patients fell within the normal range ([100 to 300] × 10 9 /L), the count was ≥300 × 10 9 /L in 15.62% (i.e., the patients were thrombocythemic), and in 1.59% was <100 × 10 9 /L. Preoperative platelet count and lymph nodes metastasis. We first investigated the relation between preoperative platelet counts and the lymph node metastasis. The preoperative platelet counts of the four groups N0-N3 were: N0, 217. 9 /L. Although combined analysis of variance showed that there was no significant differences in preoperative platelet counts among the four N0-N3 groups (P = 0.074), further multiple comparisons revealed that the platelet count of group N0 was significantly lower than that of N1 (P = 0.045), N2 (P = 0.046), and N3 (P = 0.033). However, differences in preoperative platelet counts among the N1, N2, and N3 groups were not significant ( Table 2) .
Preoperative platelet count and TNM stage of NSCLC. Analysis of variance was used to assess the differences in preoperative platelet counts in patients of different TNM stages (I, II, III, IV). The mean of the preoperative platelet counts of patients with stages I and II were lower than that of patients with stages III and IV, and the differences were significant among the four stages (Welch statistic = 13.735, P = 0.000; Brown-Forsythe statistic = 10.685, P = 0.000). It was found upon further analysis that the preoperative platelet count in stage I patients was significantly lower than that of stages II (P = 0.028), III (P = 0.000) and IV (P = 0.000). However, among stages II, III, and IV, the differences were not significant (Table 3) . Preoperative platelet count and prediction of lymph node metastasis. The NSCLC patients were divided into two groups: the 635 patients with lymph node metastasis and the 248 patients without the metastasis. An ROC curve was constructed to assess the accuracy of using preoperative platelet count as an indicator of lymph node metastasis. The area under the curve was 0.557 (95% confidence interval [CI]: 0.515-0.599). A preoperative platelet count of 214.5 × 10 9 /L was chosen as an appropriate cut-off value to predict the metastasis of lymph node with a sensitivity of 53.4% and a specificity of 56.9% (Fig. 1) ; at this cut-off point, the sum of the sensitivity and specificity was the highest. Preoperative platelet count and OS. The average OS in the 431 NSCLC patients censored at the last follow-up was 463.8 days. Of these patients, there were 216 whose platelet count was <214.5 × 10 9 /L, and their OS was 490.0 days. For the remaining 215 patients whose mean platelet count was ≥214.5 × 10 9 /L, the OS was 437.4 days. The Kaplan-Meier survival analysis showed that the OS of the NSCLC patients whose platelet count was <214.5 × 10 9 /L was significantly longer than that of the NSCLC patients whose platelet count was ≥214.5 × 10 9 /L (log-rank test, P = 0.042) ( Figure 2 ). Cox regression analysis found that the following were independent prognostic factors in NSCLC patients: age [P = 0.01, hazard ratio (HR) = 1.511, 95% CI: 1.177-1.940], gender (P = 0.022, HR = 0.685, 95% CI: 0.495-0.947), TNM stage (P = 0.000, HR = 1.896, 95% CI: 1.564-2.298), and preoperative platelet count (P = 0.033, HR = 1.302, 95% CI: 1.022-1.660; Table 4 ).
Discussion
In this study, we found that preoperative platelet count was significantly associated with the presence of lymph node metastasis in NSCLC patients, and therefore may be a reliable biomarker of lymph node metastasis. Preoperative platelet count was also an independent prognostic factor of OS in patients with NSCLC.
The association between the preoperative platelet count and lymph node metastasis found in this study is supported by three lines of evidence. Firstly, the platelet count of group N0 was significantly lower than that of N1 (P = 0.045), N2 (P = 0.046), and N3 (P = 0.033), as determined by t-test analysis. This agrees with one study in which a univariate analysis showed a significant correlation between preoperative platelet count and lymph node metastasis in patients with colorectal cancer [9, 10] . Results from the ROC curve constructed for the present study also indicated that the preoperative platelet count might be an indicator of lymph node metastasis. Finally, the platelet count was an independent prognostic factor in NSCLC patients, shown by the Cox regression analysis. This was similarly reported in another study [11] . However, one recent study showed that the preoperative platelet count was not an independent prognostic factor of survival in lung cancer patients [12] . Reasons for the discrepancy between that study and ours are unclear. The differences in statistical methods or patient sample sizes may account for this. Note that the study [12] enrolled a relative small population sample. And our study showed that in addition to the platelet count, age, gender and TNM stage were independent prognostic factors in NSCLC patients. Consistent with this, other reports showed the similar findings [13] [14] [15] . For example, using large group of patients, one study demonstrated that clinical stage, age and gender were important prognostic factors for survival in lung cancer [13] . Also, early report using univariate and multivariate analyses in a gender-balanced sample of 152 cases found that the strongest independent factors of NSCLC patient survival were clinical stage, initial weight-loss rate, and gender [15] . These results suggested that these factors may influence on NSCLC outcome.
In a number of cancers, lymphatic vessels were found to be a common route of tumor cells after release from the primary tumor site [16] . Initially it was commonly accepted that there are no peritumoral metastatic lymphatic nodes in the primary tumor. However, recent studies detected lymphatic vessels in certain types of cancers, and additional evidence showed that cancer cells invaded local lymph nodes mainly via peritumoral lymphatic vessels [17] [18] [19] [20] . Furthermore, platelets are important in the development of lymphatic vessels. One report found that blood platelets and podoplanin function in the developmental separation of blood and lymphatic circulation in the embryo [21] . Also, platelets synthesize and transport several angiogenic factors such as vascular endothelial growth factor (VEGF), PDGF, and basic fibroblastic growth factor (bFGF) into the blood circulation and tissues [22] ; these lymph-angiogenic growth factors were able to stimulate the development of lymphatic vessels via different pathways [23] .
Several studies found that thrombocytosis was associated with increased lymphatic involvement in NSCLC and other tumors [24] [25] [26] . In our study, a preoperative platelet count below the thrombocytotic range (>300×10 9 /L in this study) was associated with metastasis of lymph nodes during the early stage of NSCLC. Inhibition of tumor metastasis and reduction of mortality was recently observed in patients treated with low-molecular-weight-heparin, which could be associated with platelet activity, given the known interaction of this drug with these cells [27, 28] . Our results suggested that reducing platelet counts below the lower limit of thrombocytosis may be associated with reduction of lymph node metastasis during the early stage of NSCLC. More studies were required to confirm this. Other studies [29, 30, 9] used the lower limit of thrombocytosis as the cut-off value to predict OS in several tumors. However, the ROC curve constructed in the present study, based on the lymph node metastases in our NSCLC patients, showed that the more appropriate cut-off value was 214.5 × 10 9 /L. And the cut-off value (214.5 × 10 9 /L), which was similar to the average numbers of platelet in stage II. The Table 3 showed that among stages II, III, and IV, the differences of the average numbers of platelet had no significant difference, suggesting that the cut-off value (214.5 × 10 9 /L) may reflect the different stages to some extent and had less influence on the prognostic outcome in NSCLC patients. However, more studies are needed for further confirmation. Thus, we think that OS in NSCLC patients could be more accurately predicted with a preoperative platelet count cut-off value of 214.5 × 10 9 /L. In our study, the sensitivity and the specificity for preoperative platelet count of 214.5 × 10 9 /L to predict the metastasis of lymph node were moderate. We think the possible reasons for the not enough high sensitivity and specificity could be due to the relative small number of patients without lymph node metastasis compared to that of patietns with lymph node metastasis. Thus, more patient population are needed in th future study in the hope to strengthen our findings. Nevertheless, in addition to using the imaging systems, such as CT, MRI and other known sera markers, preoperative platelet count should be used as an additional new marker to predict the metastasis of lymph node in the clinica arean although more studies are required to confirm.
Conclusions
The present study show a significant association between preoperative platelet count and lymph node metastasis in the early stage of NSCLC, and thus preoperative platelet count may be a viable biomarker to determine the existence of lymph node metastasis. In addition, preoperative platelet count is an independent prognostic factor in NSCLC patients. A prospective study is required to evaluate further the relation of preoperative platelet count, lymph node metastasis, and progression of NSCLC.
